Many traits of dairy cattle such as disease resistance and type breakdown scores may have an underlying distribution of values which are approximately normal but must be measured on a yes or no basis. Theory from literature suggests that heritability estimated from such binomial data is only Z2/p(1-p) as large as heritability if it could be measured on the normal scale where z is the ordinate on the normal distribution at the threshold point corresponding to a fraction p of the population having the character. Data were generated from a pseudo-normal distribution to test this theory for estimates derived from parent-offspring correlation and paternal sib correlation. The adjustment from theory was quite satisfactory for the paternal sib correlation but would lead to substantial overestimates of heritability on the normal scale when p is small and normal heritability is actually large.
Introduction
The problem of estimating heritability from records classified as either one or zero arises frequently with characteristics such as type traits and disease resistance of dairy cattle. Such traits are likely to have an underlying continuous distribution of values but must be scored as a binomial variable. Several earlier papers [Lush, Lamoreux, and Hazel (4) ; Lush (3) ; Robertson and Lerner (5) ; and Dempstcr and Lerner with Robertson (1) ] have considered this problem in general with particular reference to resistance to death in poultry. Their development has assumed an underlying nornml distribution of genetic and environmental values with a linear relationship between the genetic value on the normal scale and the genetic value on the binomial scale. The theory suggests that heritability on the binomial scale is hbf=hfz2/[p(1-p)], where h 2 is heritability on the normal scale, z is the height of the ordinate of the normal distribution at the threshold point which determines whether the binomial variable is one or zero, and p is the frequency of ones.
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Procedure
The theory was tested by generating samples of data with an underlying pseudo-normal distribution of genetic and environmental values; then truncating on phenotyplc values con~e-sponding to 10 probabilities of occurrence (5%, 10%, ..., 50%). The results should be interpreted noting that because of symmetlT the results expected for probability of occurrence of 95% are the same as for 5%, etc. Heritabilities were then estimated from the binomial data (10 of these) and from the normal data.
Estimates from parent-offspring correlation were from 10,000 parent-offspring pairs with each parent having only one offspring. Two sets of 10 replicates each were generated for each of nine heritabilities (.], .2, ..., .9). Average covariances and variances from each set of 10 replicates were used to compute average heritabilities which were little different from arithmetic averages. Estimates from paternal half-sib correlation were also from analyses of 10,000 records (100 sires with 100 progeny each). Average sire and error components of variance from each of two sets of 15 replicates were used to compute average heritabilities. Average heritability estimates for the normal data are in Table 1 .
Results and Discussion
Difference from theory. Analysis of variance (Henderson, 2) of the difference between ratio of estimated binomial heritability to estimated normal heritability (hh2/h 2) and z2/[p(1-p)] is shown in Table 2 with the two sets of average estimates assmned random and nested within method of estimation. This variable was chosen for analysis since the theoretical adjustment is proportional to the underlying normal heritability. The table shows the likelihood of real differences from theory due to method of estimating heritability, heritability, and threshold as well as of interactions among these. Table 3 gives the averages which led to these significant differences. Over all thresholds and heritabilities parent-offspring cstinmtes exceeded theoretical by .038 and paternal sib estimates exceeded theoretical by .016. In general, threshold had a greater effect on the difference of the parent-offspring estimates from theoretical than on paternal sib difference from theoretical although the average pattern was similar, i.e., there was greater under-estimation by theory at low frequencies of the trait than at frequencies near 50%. Similarly, the average estimates exceeded theoretical by more for high true heritability than for low heritability by both methods although the differences were greater for the parent-offspring method. These differences from theory were expected from results in the earlier papers which defined the differences as being due to the introduction of nonadditive genetic variance due to the change in scale from the normal to the binomial distribution.
Estimating heritability for data on the underlying normal scale by multiplying the binomial heritability by p(1-p)/z 2 appears to be a reasonable approach for the paternal sib method, at least for the design here. The validity of this approach is more doubtful for the parent-progeny method especially when only a small proportion of the population has the character. A reasonable approach would be to divide the binomial estimate of heritability by z2/p(1-p) plus a factor from Table 3 corresponding to p and a guessed value for normal heritability.
Expected progress from mazs .~election. Dempster and Lerner (1) presented the procedure for calculating the change in the fraction of the population with the character by selection on the binomial scale when the character has an underlying normal scale. Let f be the fraction of the population selected to be parents. If f ~ p, the mean on the normal scale of the selected group will be z/p and the response by selection, r = h~z/p. If f > p the mean on the normal scale of the selected gToup will be the weighted average of those exhibiting the character and those not showing the character,
is the expected mean of the progeny on the normal scale. This wi]I be less than the response expected if selection were on the normal scale which would be h2z~/f where zf is the ordinate of the normal distribution corresponding to a fraction, f, selected. Since the original mean on the normal scale was zero, the progeny mean is the new population mean. The area between this mean and the threshold point can now be computed if the total variance has not changed. Rohlf and Sokal (6) list a computing formula which when corrected for some incm~'eet signs gives this area as P(X) = .5 --de--X'~/2 t(bl + t(bu + t(ba + t(b4 + tbs)))) where X ----original threshold value corresponding to p --r, d ----.3989423 = 1/X/27r, t = 1/(1 + sX), s = .2316419, bl= .31938153, b 2----.356553782, b3.= 1.781477937, b4= --1.821255978, and bs= 1.330274429.
The expected fraction of the next generation with the character can be computed as .5 --P(X) ff X > 0 and .5 =I-~X) i~ X -----~) which converts selection on the normal scale back to the results in the binomial situation. Tables 4a and 4b 
Gain predicted from binomial heritability.
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Per cent used as parentsestimated more as h 2 increases. At high h 2 and p ~ .5 selection response will be slightly overestimated from the binomial data.
Conclusions
Heritability on the normal scale generally will be only slightly overestimated by multiplying the estimate from the paternal sib correlation from binomial data by p(1--p)/z 2 but may be overestimated substantially if the estimate from parent-offspring correlation is similarly adjusted particularly when p is not between .25 and .75. The overestimate will be greater when normal heritability is large than when it is small.
Genetic gain from mass selection as measured by the fraction of the population with the character will be underestimated when only a small fraction of the population has the character and when heritability on the normal scale is high as has been previously shown (1) .
